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The brown filamentous alga Feldmannia sp. contains a large icosahedral dsDNA virus, FsV, of which there are multiple
variants. A 4.5-kb SstI–HindIII fragment (SH4.5) that is conserved among all genome variants was sequenced. Three open
reading frames (ORF-1, -2, and -3, containing 555, 2022, and 411 bp, respectively) were shown to be transcriptionally active
by ribonuclease protection assay. A ‘‘RING’’ zinc finger motif and a nucleotide binding site motif were identified in ORF-2.
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Algae are ubiquitous members of aquatic habitats and B11.3E (Fig. 2). Three overlapping subclones were used
for sequencing, the complete 4.5-kb SstI/HindIII, a 0.7-are found there in large numbers. A growing literature
indicates that eukaryotic algae are infected by large kb PstI/HindIII, and a 3.9-kb PstI/BamHI clone, all ligated
into pUC119 and pUC118 (13).dsDNA viruses, in contrast to most viruses of terrestrial
plants, which have RNA genomes. Viruses that infect Exonuclease III was used to generate overlapping de-
letion subclones for sequencing (2). DNA sequence wasmarine algae have been partially characterized (3, 9–12,
17). The virus FsV, for Feldmannia sp. virus, is a large obtained using the dideoxy chain termination method
(14) on single-stranded plasmid DNA (18) using Seque-(150-nm diameter) icosahedron with dsDNA, which in-
fects a filamentous brown alga, Feldmannia (3). Two ge- nase Version 2.0 (United States Biochemicals, Cleveland,
nome size classes of 158 and 178 kb with multiple restric-
tion site polymorphisms have been described for FsV (4,
7). This virus appears to occur only within single-celled
meiotic unilocular sporangia, where virion production
completely displaces the normal formation of zoospores
(Fig. 1). Large quantities of both alga and virus can be
obtained in culture, since vegetative cell growth is vigor-
ous and is accompanied by abundant formation of virus-
producing sporangia. Viruses are apparently not pro-
duced in the gametophyte generation but appear to be
latent there, whereas virions are produced in the sporo-
phyte. Once viral production begins, death of the cell is
certain.
We have begun sequence analysis of FsV. Virus and
viral DNA were isolated from unialgal sporophyte cul-
tures. Algal culture and viral DNA isolation were carried
out as previously described (3). A BamHI plasmid library
was prepared by standard methods (13). An 11.3-kb
BamHI fragment, B11.3E (4), common to all four known
variants of FsV was mapped with BamHI, HindIII, PstI,
and SstI. Sequence data were obtained for a transcrip-
tionally active 4.5-kb SstI/HindIII subfragment (SH4.5) of
FIG. 1. Meiotic sporangium of Feldmannia sp. Most of the cell volume
is packed with virions, and only vestiges of the cellular organelles such1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (503) 737-3045. E-mail: meintsr@bcc.orst.edu. as chloroplasts (C) remain. Scale bar (upper right) is 5 mm.
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FIG. 2. The restriction enzyme map of the 158-kb FsV genome is shown above with the restriction map of SH4.5 below. The position and direction
of the three open reading frames are indicated by arrows.
OH). Gaps in the sequence were resolved using se- ing the MAXIscript kit (Ambion, Austin, TX) and hybridized
as directed with the RPA II kit (Ambion) to total cellularquence-specific primers and manual sequencing or a
fluorescence-based DNA sequencer (Applied Biosys- RNA extracted from infected algal filaments (1). All three
ORFs were shown to be transcribed in a strand-specifictems, Model 370A). The DNA sequence (GenBank Acces-
sion No. U22375) was determined for both strands of the manner (data not shown).
Sequence analysis and comparisons to GenBank,SH4.5 clone.
The deduced amino acid coding sequence contains EMBL, University of Geneva protein sequence (Swiss-
Prot), and the Protein Identification Resource data-three complete ORFs. ORF-1 contains 555 bp and is ca-
pable of encoding a peptide of 19.9 kDa. ORF-2 contains banks were performed using the BLAST program at
the National Center for Biotechnology Information,2 kb and is capable of encoding a polypeptide of 75.4
kDa. ORF-3 contains 410 bp and is capable of encoding searching the Nonredundant Database, and the BLITZ
program at EMBL, searching the Swiss-Prot Database.a polypeptide of 15.7 kDa. The A/T content of SH4.5
and ORFs 1–3 is 50.3, 52.7, 47.8, and 48.9%, respectively. Database searches produced no significant similarit-
ies with known proteins. However, further analysis ofKozak’s rule (6), regarding a preference for purine resi-
dues at the 03 and the /4 positions relative to the trans- ORF-2 identified a nucleotide binding site motif
(GSGKT) (5, 16). In addition, ORF-2 contains a ‘‘RING’’lational start site of expressed ORFs, is followed at both
positions for ORF-1 and ORF-2, but only at the 03 posi- zinc finger motif with complete fidelity to the con-
served amino acids found in published sequences (8,tion for ORF-3.
Transcription of ORF-1, ORF-2, and ORF-3 was demon- 15, 19). This region was compared to herpesviruses
and was found to be conserved at all of the cysteinestrated using a ribonuclease protection assay. Full-
length ORF-1 and ORF-3 and the first 500 bp of ORF-2 residues and shared significant similarity at other po-
sitions as well (Fig. 3). The precise viral function ofwere cloned into pGEM-4Z (Promega, Madison, WI) and
radiolabeled; strand-specific probes were generated us- ORF-2 is unknown but other virus proteins containing
FIG. 3. Multiple sequence alignment of ‘‘RING’’ zinc finger-containing proteins from FsV and herpesviruses (GenBank/EMBL Accession Nos. at
right), aligned in three blocks, based on conserved cysteine and histidine residues thought to be involved in the formation of the ‘‘RING’’ finger
(boxed). CCV, channel catfish virus; HSV1, herpes simplex virus 1; EHV, equine herpesvirus; BHV, bovine herpesvirus; VZV, varicella zoster virus.
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